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Id the Cla ims: 

1-70. (Canceled). 

7 1 . (Currently Amended) The syst o m of claim 69> A volatile liq uid underground storage tank 
pressure reduction system for reducing the volume of vapor recovered during the refers Pf a 
vehicle tank and relumed to an underground stor age tank in a service station environment 
comprising: 

an underground storage tank: 

a conduit havinp an inlet port and an outlet port wherein said o utlet port is connected to 
said underground storage tank: 

a fuel dispenser, comprising: 
a nozzle.. 

a hose connected to said noz2le; 

a fuel delivery line that couples to said hose and to said underground storage tank 
to deliver said liquid fuel through said hose and nozzle to the vehicle fuel tank: 
a vapor pump; 

a vapor return line contained withi n Raid hos e that connects to said inlet port of 
said conduit: 

a valve connected inline to said conduit, said val ve having a valve inlet and a valve 

outlet; 

a heat exchanger connected inline to said conduit downstream said valve outlet; and 
an electronic controller electrically coupled to said valve to control the op ening of said 
valve and electronically coupled to said vapor pump to activate said vapor pump, wherein said 
electronic controller is adapted to open said valve and activate said vapor p ump to recover vapor 
expelled from the vehicle tank during refueling to pass the vapor through said inlet port and 
through said heat exchanger to cool the vapor and return the cooled vapor through said outlet 
port to said underground storage tank: 

wherein said heat exchanger includes a fan to circulate outside air inside said conduit to 
cool the vapor. 
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72. (Currently Amended) Tho oystem of claim 69, fuitfaor comprising A volatile liquid 
underground s tm-ap^ tank pressure reduction system for reduci ng the volume of vapor recovered 
during the refueling of a vehicle tank and returned to an underground storage tank in a service 
station environment comprising: 

kfi underground storage tank: 

a conduit having an inlet port and an outlet port, wherein said outlet p ort is connected to 
said underground storage tank: 

a fuel dispenser, comprising: 
a nozzle. 

a hose conne cted to said nozzle: 

a fuel delivery line that couples to said hose and to said underground storage tank 
to deliver said liquid fuel through said hos e and nozzle to the vehicle fuel tank: 
a vapor pump: 

a vapor return line contained within said hose that connects to said inlet port of 
said conduit: 

a valve connected inline to said conduit, said valve having a valve inlet and a valve 

outlet; 

a heat excha nger conn ected inline to said conduit downstream said valve outlet 
an electronic controller electrically coupled to said valve to control the opening of said 
valve and electronically coupled to said vapor pump to activate said vapor pump, wherein said 
electronic controller is adapted to open said valve and activate said vapor pn mp tn rea ver vapor 
expelled from the vehicle tank during refueling to pass the vapor through said inlet port and 
through said heat exchanger to cool the vapor and return the cooled vapor through said outlet 
port to said underground stor ^ tank ; and 

a heat exchanger temperature sensor that measures the temperature of the vapor leaving 
said heat exchanger and inputs the temperature into said electronic controller. 

73. (Currently Amended) The system of claim 69 ZL further comprising an ullage 
temperature sensor that measures the temperature of said storage tank and inputs the ulllage 
temperature into said electronic controller. 
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74. (Currently Amended) The system of claim 69 7L further comprising an ambient 
temperature sensor that measures the temperature of the outside air and inputs the ambient 
temperature into said electronic controller. 

75. (Currently Amended) The system of claim £9 7L further comprising an ambient pressure 
sensor that measures the pressure of the outside air and inputs the ambient pressure into said 
electronic controller. 

76-77. (Canceled). 

78. (Currently Am^H^d) xhn *yr , tnm nf^lnim 77. A volatile liqui d underground storage tank 
pressure reduction system for reducing the volume of vapor recov ered during the refueling of a 
vehicle tank and returned to an underground storage tank i n a service station environment, 
comprising: 

an underground storage tank; 

a conduit having an inlet port and an outlet port, wherein said outlet port is connected to 
said underground storage tank: 

a fael dfopgnser, comprising: 
a nozzle. 

a hose connected to said nozzle; 

a fuel delivery line that couples to said hose and to said underground storage tank 
to deliver said liquid fuel through said hose and nozzle to the vehicle fuel tank; 
a vapor pump: 

a vapor return line contained within said hose that connects to said inlet port of 
said conduit: 

a valve connecte d inline m said conduit said valve having a valve inlet and a valve 

outlet 

a heat exchanger connected inline to said conduit downstream said valve outlet; 

an electronic controller electrically coupled to said valve to control the opening of said 
valve and electronically coupled to said vapor pump to activate said vapor pump, wherein said 
electronic controller is adapted to open said valve and activate said vapor pump to recover vapor 



4 

PAGE 5/17 ' RCVD AT 12/1312004 2:33:23 PM (Eastern Standard Time] * SVR:USPT0-EFXRF-1/1 * DN1S:8729306 * CSID:919 (54 4521 1 DURATION (mm-ss):05-12 



12/1 3/04 15:35 FAX 919 654 4 521 W I TH ROW & TERRANOVA USPTO Ctrl Fax Bj006 



smelted from the vehicle tank during refueling to pass the vapor through said inlet port and 
through said heat exchanger to cool the vapor and return the cool ed va por throu gh said outlet 
port to said u nderground storage tank: and 

a storage tank pressure sensor that measures the press ure of said storage tank and inputs 
said storage tank pressure into said electronic controller; 

wherein said electronic controller opens said valve and a ctivates said pump if said storage 
tank pressure is greater than a predete rmined pressure threshold and said electronic controller 
additionally activates said heat exchanger if said storage tank pressure is greater than a preset 
pressure threshold. 

79. (Currently Amended) Tho oyatem of claim 76, furth e r comprioing A volatile liquid 
underground storage fo nV p ressure reduction system for reducing the volume o f vapor recovered 
during the refilling of a vehicle »"d returned to an underground storag e tank in a service 
station environment, comprising: 

an underground storage tank: 

a conduit having an inlet port and an outlet port, wherein said outlet port is connected to 
said underground storage tank: 

a fuel dispenser, comprising; 
a nozzle, 

a hose connected to said nozzle; 

a fuel delivery line that couples to said hose and to said underground storage tank 
to deliver said liquid fuel through said hose and nozzle to the vehicle fuel tank: 
a vanor pump: 

a vanor return line contained within said hose that connects to said inlet port of 
said conduit: 

a valve connected inline to said conduit, said valve having a valve inlet and a valve 

outlet: 

a exchanger connected inline to said conduit downstream said valve outlet; 

an electronic controller electrically coupled to said valve to control the Q pgninp of fif»fl 
valve and electronically coupled to said vapor pump to activate said vapor pump, wherein said 
electronic controller is adapted to open said valve and activate said vapor pump to recover vapor 
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expelled from the vehicle tank during refue ling to pass the vapor thrpuph said inlet port and 
through said heat exchanger to cool the vap or and return the cooled vapor through said outlet 
port to said underground storage tank: 

a stora ge tank pressure sensor th a t measures the pressure of said storage tank and inputs 
said storage tank pressure into said electronic controller; 

a fuel temperature sensor that measures the temperature of the volatile liquid in said 
storage tank and inputs said fuel temperature into said electronic controller^,]; and 

an ambient temperature sensor that measures the temperature of the outside air, wherein 
said electronic controller also determines if the fuel temperature is greater than the ambient 
temperature by a preset temperature value and opens said valve and activates said pump if said 
fuel temperature is greater than said preset temperature value. 

80. (Original) The system of claim 79, wherein said electronic controller additionally 
activates said heat exchanger. 

8 1 . (Currently Amended) Tho o yotem of claim 76, further -comprising A volatile liquid 
underground storag e tank; pressure reduction system for reducing the whim ft n f vapor recovered 
during the refueling of a vehicle tank and returned to an underground storage tank in a service 
station environment, comprising: 

an underground storage tank: 

a conduit having an inlet p ort a nd an outlet port wherein said outlet port is connected to 
said underground storage tank; 

a fuel dispenser, comprising: 
a nozzle, 

a hose connected to said nozzle: 

a fuel delivery line that couples to said hose and to said underground storage tank 
to deliver said liq uid fuel through said hose and nozzle to the vehicle fuel tank; 
iWflpQrpymp; 

a vapor return line contained within said hose t hat connects to said inlet port of 
said conduit; 
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a valve connected inline to said conduit said valve having a valve inlet and a valve 

outlet: 

a heat exchanger connected i tiline to said conduit downstream said valve outlet; 

an electronic controller electrically coupled to said valve to control the opening ofsajd 
valve and electronically coupled to said vapor pump to activate said vapor p ump, wherein said 
electronic controller is adapted to open said valve and activate said va por pump to recover vapor 
expelled from the veh^ lft tank d uring refueling to pass the vapor thr ough said inlet port and 
through said heat exchanger to cool the vapor and return the cooled vapor throu gh said outlet 
port to said underground stojfage tank: 

a storage tank pressure sensor that measures the pressure of said storage ta nk and inputs 
said storage tank pressure into said electronic controller: 

a fuel temperature sensor that measures the temperature of the volatile liquid and inputs 
said fuel temperature into said electronic controller^"! ; and 

an ullage temperature sensor that measures the temperature of said ullage and inputs said 
ullage temperature into said electronic controller, wherein said electronic controller closes said 
valve and deactivates said pump if said storage tank pressure is less than a pressure threshold, 
and either said fuel temperature is not greater than a temperature preset value, said fuel 
temperature is not greater than said ullage temperature, or said difference in temperature between 
said fuel temperature and said ullage temperature is not greater than or equal to a second 
temperature preset value. 

82-100. (Canceled). 

101. (Currently Amended) The m e thod of olaim 99, furth e r comprising tho ctopa of: A method 
of reducing the volu m e nf recovered vapors captured during the refueling of a vehicle, which are 
returned to an underground stp ™^ tsmV . comprising the steps of: 

recovering vapors expelled from the vehicle during refueling; 

passing said vapors through a vapor return passage and through a heat exchanger to cool 
said vapors: 

returning said vapors to th e underground storage tank; 
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opening a valve inline to said vapor return passage to allow said vapors to pass through 
said heat exchanger instead of directly to the under ground storage tank: 

measuring the pressure of the underground storage tank; 

measuring the temperature of the volatile liquid stored in the storage tank; and 

performing the step of passing said vapors through said heat exchanger if the temperature 
of the volatile liquid is less than the ambient temperature by more than a temperature preset 
value and if the pressure of the underground storage tank is above a pressure threshold. 

102. (Original) The method of claim 101, further comprising the steps of: 
measuring the temperature of the ullage; 

measuring the temperature of the vapors exiting said heat exchanger, and 

performing said step of opening said valve and drawing vapors through said conduit if the 

temperature of the ullage is greater than the temperature of vapors exiting said heat exchanger by 

a temperature preset value. 

103. (Currently Amended) The method of claim 98 r furth e r compri s ing t ho otcpo of: A method 
of reducing the volume of recovered vapors captured during the refueling of a vehicle, which are 
returned to an underground storage tank, comprising the steps of: 

recovering vapors expelled from the vehicle during refueling: 

passing said vapors through a vapor return passage and through a heat exchanger to cool 
said vapors; 

returning said vapors to the underground storage tank: 
measuring the pressure of the underground storage tank; 

measuring the temperature of volatile liquid stored in the underground storage tank; and 
performing said step of opening said valve and said step of oiroulatinQ passing the vapors 
if the temperature of the volatile liquid is greater than the ambient temperature by more than a 
preset temperature value and if the pressure of the underground storage tank is above a preset 
pressure threshold. 

104. (Original) The method of claim 103, wherein said step of circulating said vapors further 
comprises the step of creating a vacuum inside said conduit. 
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1 05. (Currently Amended) Th e method of claim 98, furthcF-eomprising the stops of: A method 
of reducing the volume of recovered vapors captured during th e refueling of a vehicle, which are 
returned to an undergroun d storage tank comprising the steps of: 

recovering vapore expelled from the vehicle during refueling: 

passing said vapors through a vapor return passage and th rough a heat exchanger to cool 
said vapors; 

Returnin g aajd vapors to the underground storage tank: 

measuring the temperature of the volatile liquid in the underground storage tank; and 
closing said valve if the temperature of the volatile liquid is not greater than a 
temperature preset value. 

106. (Original) The method of claim 105, further comprising the steps of: 
measuring the temperature of the ullage of the underground storage tank; and 
closing said valve if the temperature of the volatile liquid is not greater than the 

temperature of the ullage. 

107. (Original) The method of claim 106, further comprising the steps of: 

comparing the difference in temperature between the temperature of the volatile liquid 
and the temperature of the ullage; 

closing said valve if the temperature of the volatile liquid is greater than the temperature 
of the ullage, but not by an amount greater than a temperature preset value. 

108. (Original) The method of claim 107, further comprising the steps of: 
measuring die ambient temperature; 

comparing the temperature of the volatile liquid to the ambient temperature; and 
closing said valve if the teimperature of the volatile liquid is not greater than the ambient 
temperature. 
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109. (Original) The method of claim 1 08, Anther comprising the step of activating a heat 
exchanger coupled inline to said conduit if difference between the temperature of the volatile 
liquid and the ambient temperature is not greater than a temperature preset value. 

1 1 0- (Original) The method of claim 1 08, further comprising the step of activating a heat 
exchanger coupled inline to said conduit wherein said heat exchanger cools said vapors if the 
temperature of the volatile liquid is greater than the ambient temperature and the difference 
between the temperature of the volatile liquid and the ambient temperature is greater than a 
temperature preset value. 

111. (Original) The method of claim 1 1 0, further comprising the steps of: 

measuring the temperature of the vapors exiting said heat exchanger; and 

opening said valve if the temperature of the vapors exiting said heat exchanger is less 

than the temperature of the ullage, and the difference in temperature between the temperature of 

the vapors exiting said heat exchanger and the temperature of the ullage is greater than a 

temperature preset value. 
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